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The content of this report is a factual and true representation.of the
ground surface radiological survey of the 100-HR-1 operable unit. The
radiological data, statistical summaries and survey tracks were recorded
and generated by a CHEXRAD Ultrasonic Ranging and Data System. The
interpretations of the data are believed to be real and factual, based
on verification with known bench marks and quality control checks of the
recording software.

JF. Weckstrzm

0.D. Wade
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100-HR-1 RADIOLOGICAL SURVEYS

SCOPE

This report summarizes the results of the radiological surveys conducted
over the entire surface of the 100-HR-1 Operable Unit, Hanford Site, Richland,
Washington (Figure 1). In addition, this report explains the survey
methodology using the Ultrasonic Ranging and Data System (USRADS) automatic
data recording equipment and describes the quality control techniques used to
verify the data recording system.

The radiological survey of the 100-HR-1 Operable Unit, along with the
background study, were conducted by 100 Areas Restoration and Remediation
Health and Safety organization of the Westinghouse Hanford Company. The
survey methodology was based on utilization of the Ultrasonic Ranging and Data
System (USRADS) for automated recording of the gross gamma radiation levels of
the surface soil.

PROCEDURES

The radiological surveys were conducted following the procedures
contained in the Heath Physics Procedures Manual, (WHC-UP-0692.A); in
particular; Section 1.05, Ultrasonic Ranging and Data Svstem (USRADSj:
Connecting the Eautpment, Rev. Q: Section 1.06, Ultrasonic Ranging and Data
System (USRADS1: Eauipment Setup, Rev. 0; Section 1.07, Ultrasonic Ranging and
Data Svstem (USRADSi: Svstem Calibration, Rev. C and; Section 1.08,
Ultrasonic Ranging and 7)ata Svtcn (USRADS): Performing the Survev, Rev. 0.

The radiological surveys were conducted using a digitaL count rate meter
with a sodium iodide detector connected to a CHEMRAD Tennessee Corp. Series
2000 USRADS. The count rate meter was set for gross counting, i.e., window
"out'. The window settina allows detection of low, intermediate and high
energy photons. The USRADS ecuiment is used to record the detector readings
verses the location of the readings, generate a map of the survey area and
save :he data on computer storage mediums.

LOW BACKGROUND SITE

Introduction

The Low Background survey was conducted to establish baseline
radiological background conditions in a designated test plot adjacent to the
100-H Area. The radiological data collected during this survey is considered
representative of the undestrubed soil surfaces in the 100 Areas of the
Hanford Site. The survey was conducted on April 10, 15 and 16, 1991.

Location

The Low Background test plot is located in the 600 Area, between the
100-0/DR and 100-H Areas, approximately 2,000 feet from the Columbia River.
The site. had been previously staked on 100 foot intersects oriented along a
north-south axis. The total size of the background plot is 500 by 500 feet.
Figure 2 illustrates the layout of the low background survey site.

Discussion

The survey was conducted using a Ludlum Model 2221 digital rate meter
with a Ludlum Model 44-2, 1 by 1 inch sodium iodide detector. The Ludlum
meter was coupled to the USRADS for the purpose of recording the data from the
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output of the detector verses the location of the data within the survey area.

A total of six individual surveys were performed to completely cover the
250,000 square foot site. A total of 4,924 data point were collected within
the survey site. A summary of the survey results can be found in Table 1.
Except for survey LBSa, each survey was traversed on approximately 25 foot
transects.

Table 1. Summary Radiological Data for Low Background Site.

SURVEY AREA (SQ.FT) DATA POINTS MEAN {CPM) SIGMA (CPM)

LESa 40,000 635 1,477 210

LBSc 40,000 829 1,932 310

ISSd 60,000 1,055 2,203 209

LBSi 60,000 1,146 2,192 212

LBSj 20,000 656 2,085 218

LBSk 30,000 6031 1,828 213

TOTAL 250,000 4,924

The Low Background survey was also used to establish and refine the
survey methodology used dur ng the 100-HR-1 survey proper. This methodology
was apnlced consistently throughout the 100-HR-1 r'd oogicaL survey and
consisted of walking each murvey aroa at ahout 1 mer ner nncnd while
ma[ntaining the detector at about 6 i nchen from the nL eurface.

As the surveyor traverses the survey area, the 'ISRADS records the output
data from the radiation detector verses the locaticn of where in the survey
area the data was detected - each second. Therefore, while the survey is in
progress, a real-time map of the survey area is generated. When the survey is
completed, the survey data set Is saved on a computer disk. FIgure 3
graphically represents the track of the survey across the Low Background Site.

The background count rate was established by averaging the mean count

rate for each survey. Using the formula: BKGD=LX-6, the average background
count rate for the Low Background Site was calculated to be 1,951 cpm, say
1,950 cpm. The standard deviation for the average is calculated using the

formula: 
S +

n

Based on the formula above, the standard deviation is +/- 95 cpm.

One of the features of the USRADS is the ability to enter a "Threshold"
setting upon initiating a survey. The threshold setting is a value that when
exceeded, the data point plotted on the CPU monitor is highlighted. This
feature alerts the CPU operator that the cpm data has exceeded the threshold,
or preset value. For the purpose of conducting the 100-HR-1 RI/FS surface
radiation survey, it was desired to establish a value for the threshold, where
readings above the setting could be considered surface contamination. The
threshold value established for the entire 100-HR-1 Site survey was twice the
background count rate determined above, or 3,900 cpm. This value is practical
base on the premiss that too Low a setting would highlight normal fluctuations
above the calculated mean, and too high a setting would cut off the low end of
surface contamination that might be present.
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100-HR-1 SITE

INTRODUCTION

The 100-HR-1 radiological survey field task consisted of two activities:
characterization of the operable unit-specific background conditions,
discussed above, and the radiological survey of the operable unit surface
area.

The total surface area surveyed was approximately 105 acres. Within
this area a total of 126,425 data points were collected. Each of these data
points represent a gross gamma radiation reading along with the physical
coordinates of the reading. A total of 127 individual survey were conducted
in order to complete the 105 acres of surface area. Sections of the operable
unit not surveyed include the area inside the 116-H-7 exclusion fence; the
area within the Clear Well barrier fence; the 183-H Solar Basin and the river
shore.

During the period when the 100-HR-1 radiation survey was conducted, the
Columbia River was relatively high. Therefore, the portion of the l00-HR-1
operable unit below the river bank crest could not be effectively surveyed.
It was decided that this area would be incorporated into the river shore
survey and be performed at a Later date.

LOCATION

Prior to initiating the radiolcqica survey of the '00-HR-1 Operable
Unit, a grid system was, established so chat the indi ttdual surveys could be
controlled and tied together. The qcqrtlnq poi.nt of rhe nite grLd is a point
on the pOrimeter road on the nouchwenr. 'orner of the perable unit. The
coordinates of the starting point are W4C90, N949.00. Frm the starting point
the grid was established on 200 foot intersects. Each 200 by 200 foot grid
black is Labeled with consecutive numbers. Figure 4 AL;ustrates the 100-HR-1
grid and block numbering system.

DISCUSSION

METHODOLDGY

Each survey entailed setting up the USRADS equipment in a grid block;
N connecting the radiation survey meter to the USRADS Data Pack; calibrating the

USRADS equipment and performing the survey. Calibration of the USRADS is
0' performed prior to starting a survey. The purpose to the calibration sequence

is to reestablish the positioning instrumentation after the equipment is moved
to a new location.

I Each grid block is traversed, generally in a north-south direction, on
approximately 25 foot transects. The gamma detector was maintained about 6
inches from the soil surface by suspending the detector from a boom attached
to the surveyors backpack. In this manner detector geometry remained
relatively constant throughout the entire survey.

Radiation survey instruments were checked at the beginning of each day
for the pro'er instrument response. This was accomplished by placing a Cs-137
Check Source next to the detector and observing the instrument's response to
the source. Local background radiation checks were also performed. This
involved taking three-one minute counts and calculating the average of the
three counts.

INSTRUMENTATION

Gamma Detection Instrumentation:
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Ludlum Model 2221 Digital Scaler/Rate Meter, Serial No. 75434
Ludlum Model 2221 Digital Scaler/Rate Meter, Serial Mo. 78156
Ludlum Model 2221 Digital Scaler/Rate Meter, Serial No. 81302

Copies of the manufacturer's calibration certificates and Pacific
Northwest Laboratory's calibration data can be found in Appendix A.

Alpha Detection Instrumentation:

Bicron Surveyor, Portable Alpha Meter, PUL Pool No. 2331
Bicron Surveyor, Portable Alpha Meter, PNL Pool No. 2983
Bicron Surveyor, Portable Alpha Meter, PNL Pool No. 2211
Eberline Portable Alpha Counter, PAC-6, PNL Pool No. 8017
Eberline Portable Alpha Counter, PAC-6B, PNL Pool No. 8122

These portable alpha meters are maintained and calibrated by the Pacific
Northwest Laboratory Instrumentation Pool.

Beta-Gamma Detection instrumentation:

Eberline, E-140B Meter, w/P-11 GM Probe, S/N 1350/836
Eberline, E-1408 Meter, w/P-11 GX Probe, S/N 1914/1304

These portable beta-gamma count rate meters are maintained and
calibrated by the Pacific Northwest Laboratory :nstrumentation Pool.

SURVEY RESULTS

Table 2 summarizes he radiological sur:e'; data for each grid block,
along with the soil sample analytical results. Figure 5 is a composite track

C map of the entire 100-HR-7 operable Unit survey. Locations where the count
rate is above the threshold setting of 3,900 cpm are identified with either, a
'radiation", or a "gamma" (y) symbol. The "radiation" symbol indicates the
Location of elevated readings outside of the three exclusion areas. The
'gamma" symbol indicates the location- of elevated readings inside the 105-H
Reactor Building exclusion fence.

of the 127 surveys conducted at the 100-HR-1 Site, 22 surveys recorded
elevated readings. In only 10 of the 22 surveys could the elevated readings
be verified and duplicated. The elevated readinos in the remaining 12 surveys
were caused by noise spikes introduced by Loose or faulty cables connecting
the gamma detector to the digital rate meter. This conclusion was reached by
either retracing the survey path in order to duplicate the event, or surveying
the location with hand-held GM and Nal instrumentation. In each of the 12
cases the initial elevated reading could not be duplicated.

Figure 5 is a track map of grid block G5 where two Locations with
elevated readIngs were detected. One location is north of Well H-4-14, along
the Clear Well perimeter fence. The other location is east of Well H-4-14.
The maximum reading for both locations approximately 5,000 cpm. These
elevated readings may be associated with past discharges from Well H-4-14.
Soil sample results from these two locations indicate concentrations of
cobalt-6, cesium-137 and europium-152 above the background concentrations In
the surrounding grid blocks (Table 2).

Figure 7 is a track map of the surveys conducted in grid blocks 121, 122
and 123. The survey conducted in grid block 121 identified elevated readings
next to H-540 Marker, H-71-22. The maximum count rate observed was about
6,000 cpm. The survey conducted in grid block 122 was extended northward to
include the portion of grid block 123 south of the l16-H-7 exclusion fence.
Elevated readings along the fence were detected with maximum readings of
approximately 7,000 cpm.
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Figure 8 is a composite track map of the surveys conducted inside of the
105-H exclusion fence. Due to the high level of "shine" from the posted
Radiation Areas, ground surface contamination could not be determined with the
existing method of surveying. Soil samples from selected locations indicated
only low concentrations of cobalt-60, cesium-137 and europium-152 in the soil.

Figure 9 is a 2-dimensional contour of the radiation levels, in counts
per minute, inside of the 100-H exclusion fence. FIgure 10 is a 3-dimensional
representation of the radiation levels inside the 100-H exclusion fence.
Figure 10 should be compared with Figure 8 in order to "see" the magnitude of
the areas identified with a gamma symbol.

Eighty-five soil samples were collected within the 100-HR-1 Operable
Unit. Soil sample locations are illustrated on Figure 11 and the results are
listed in Table 2. The majority of the gamma spectroscopy results are less
than the detection limits for the specific isotopes of interest. Cobalt-60,
cesium-137 and europium-152 were positively identified in samples associated
with ground surface contamination, however the concentrations of these
isotopes are very low.

Gross alpha and beta analyses were also performed on each of the soil
samples. the results of the alpha analyses show no alpha activity above the
detection limits of the laboratory instrumentation, i.e., all results were
Less than 1 oCi/a. Gross beta results showed concentrations typical of the
undisturbed soils in the Hanford 100 Areas, which is about 15 to 20 pCi/g.
Sample SSG-65A had the highest concentration of total beta at 122 pCi/.g. The
ratio of beta to camma 4n this sample is about 12 to 1.

Alpha measurements were conducted alcno the north and scuth boundaries
of each grid block at 25 foot Lnter'als. These surveys were performed by
placing the portable alpha meter detector about I centimeter from the ground
surface, allowing the meter's analog indirator to stabtlize and recording the
readings. Figure 12 Lilustrates the Locations of the alpha measurements. All
portable alpha meter readings were less than detectable.

Excludinq the ten surveys with verified surface contamination or, gamma
radiation fields, the a-erace of the mean count rates for the remaining 117
surveys is 1,958 cpm. This is nearly identical to the background count rate
determined orior to the start of the 100-HR-I survey.

QUALITY CONTROL

The following method was developed as a means of checking the USRADS
data recording system and to determine whether or not it is recording
accurately the output data of the Ludlum detector. The comparison tests were
conducted while performing actual surveys in the field at the 100-HR-1
Site.

Each comparison test consisted of collecting readings from the Ludlulm
meter display at a known location within the survey area. The corresponding
USRADS data, recorded at the same location, were retrieved from files
generated from the survey data stored on the computer hard disk. The mean
count rate from each data set is then compared.

The comparison method is based on the null hypothesis that assumes there
is no difference between the sets of data. In other words, the difference
between the two mean count rates is zero. Since the data displayed by the
Ludlum meter and recorded by the USRADS is generated from the same detector,
the two instruments can be viewed as two methods analyzing the same sample
population. Therefore, the same sample population is displayed n, times by
Analytical Method 3 (USRADS) and n, time by Analytical Method 2 (Ludlum
meter).
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If the test sample is rejected by the hypothesis, then there is
justification to claim there is a difference between the two data sets. If
the test sample is not rejected by the hypothesis, then there is a good
probability that the difference between the two sets of data is caused by
random variations.

Four comparison checks were performed within 18 different survey areas,
for a total of 72 field tests. Each recording check was tested against the
null hypothesis. The difference between the two means, d, is assumed to be
normally distributed , with a mean of zero. The formula for calculating the

difference between the two means is: d=X,-. The difference has two

independent sources of variation. These variations are S. due to Analytical
Method I and due to Analytical Method 2. The variance of d is then

2 2
2St S,calculated as, Sd =-+-

ni n,

The standard deviation, u3, in this case the square root of the variance of d,
can be multiplied by 2 in order to calculate the acceccance range at the 95%
confidence level. If d falls within the range, it can be stated that there ;s
no significant difference between the two methods at the chosen confidence
Levet. If d falls outside of this range, Lt can be stated the difference ;s
signiftcant.

Table 3 Lists the data for each test in each surtev area. Column 1
;denttf as the grid bicck in which the tests were per:zrmed. Column 2
.denztifies the individuaL test conducted within the gzrd block. column 3 and
4 list the mean count rate and standard deviation of the USRADS data for each
test with the grid block. Column 5 and 6 List the mean count rate and
standard deviation of the Zudlum meter data for each test within the grid
block.

Column 7 Lists the percent difference between =-e two mean count rates.
the cercent difference is a good indication of the error between the two sets
of daca. The average percent difference between the two count rates is less
than = percent.

Column 8 lists the numerical difference between the two mean count rates
and corresponds to d. column 9 is the calculated standard deviation of d.
Column 10 represents the acceptance range for d at the 95% confidence level.
It is noted that 13 test are rejected by the null hypothesis at the one sigma
level and 5 test are rejected at the two sigma Level, or 95% confidence
level.
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Table 2. 100-HR-1 Summary Data: limma Survey and Soil Samole Resuts (cont'd)

GRID 3LOCX $ DATA POINTS MIN. 4AL MEAN STODEV SOIL XE LAB 1 ALPHA BETA Co-60 Cs-i37 Eu-152
CPM CPH CPH CPH SAMPLE .4 pci/g pCI/9 pCi/g pci/g Pci/9

so ---- - - --- --- ---- ------------------------ ..- -- --- - -- -- -- ---- -- -- -
91 591 1340 2660 1892 120
s2 1126 1360 2820 1958 214 SSG-S2 560-91 (1.0 441. 1 (0.2 2.1 3.3
93 859 13^40 3200 1982 239
94 1011 1240 1340 1044 490 SSG-94 564-91 (1.0 12.9 (0.2 1 .2 (0.5
95 9G4 1280 2620 1917 216
96 852 1140 2660 1986 247 SSG-i6 565-91 1 .0 16. 1 (a." "0.3 (0.6
17 374 1500 3020 2120 136 SSG-il 513-91 (1 .0 19.1 (0.1 0.2 (0.6
98 367 144P 2100 1006 192
is 328 1200 2660 1925 Z13 SSG-ig 635-9 1 (1 .0 10. 1 (0.2 9.4 (0.4

100 946 1340 2560 1931 4 10
101 !131 1,00 .1600 1951 708 CSG-'Ol i21-31 (1.5 iz. 1 .3 11.2 (0.5
102 1015 11Gp 2520 1913 213
01 11 129 1 00 1142 '94 SSG-193 ii;-?, .J 5 10. '0.2 (0.1
04 !013 iliit "60 !845 ?s
0 i33 '^Zi 18305 1 1G0 14. 3 0." O.2 (a. 4
06 i8e '6590 101,

---- ----- - --- ---- -- --- -- -- - --- ----------- ----- ------------- -- --- - -- -

13 1 12SO 67 11 G 2 0 -i I , !. .) ! 3 0,2 (0.5

19 2 21 :500 '809 j23 - ! 44 0 2 0 (0.4
5 709 '230 '180 '921 7 6

6 1 56., .860 i98a22 3'G-1:6 S23-i l9. (0.2 ) 5 ( ,
.i2 !'40 2920 i016 -O

is 382 i42? 3020 1 046 :5
1 9 385 1440 -A 60 2084 228 35G-1 19 626-if (1 .0 18.1 (0.2 10.2 (0.5
2a 115 1580 3120 2137 250 SSG-120 S19-i1 (1 .0 !3.3 (0.2 10.2 (0,4
21t 1024 1680 ;a4O 2611 522 SSG-i21A 550-31 (1.0 28A (Q.Z 11.7 11.4

SSG- 210 547-i! (1.9 31.1 (0.2 i.5 8.1
.SG-121E 546--l 1.3 16.1 (0.2 '.5 2.7

22t is6i !510 ;210 1502 i41 Gi2 551-31 (1 .3 22.3 (0.2 1.7 0.3
3SG-1228 545-31 (1.0 13.2 3.4 Z.0 2.3

G- 2 555-91 1.0 11.9 (0.3 3.4 (0.5
23 --------------------------------------------------------- 

-------------24 ------------------- --- ---------------------------------------------
125 ------------- ---------- ---- --- ------------------------- ----------------
126 522 1200 2340 1306 204 SSG- 126 638-91 (1.0 15.3 (0.2 (0.2 (0.5
127 1154 1060 4460 17Z2 192
128 599 1140 ?120 1603 186 SSG-129 613-91 (1.0 21.7 (0.2 (0.2 (0.4
129 -- --- ----------------- ------ ------ - - - - - - - - - - - - - - -- --- - - - - - - - - - - --- - --- -
130 --- ---- - - - - - - -- - - - - - ----------- -------------------------------------. - -- - - - - -
131 -- - ------------- - - - - - - - - - - - - - -- - - - - - - - - - - - ------ -- -- - - - - - - - - - -
132 --- -- ------ - - - -- - - - --- - - - --- -- --- - - - - - - - -------------- ---- --- --- - - - -
133 390 1180 2180 1993 135
134 GG4 1080 2520 1786 228 SSG-134 641-i1 (1.0 12.7 (0.2 1.2 1.0
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Table 2. 100-HR-1 Summary Data: Gamma Survey and Sail Samaie qesults (Cont'd)

GRID BLOCX t DATA POINTS MIN. MAX. MEAN STODEY SOIL KE LAB I ALPHA SETA Co-SO C5-137 Eu-152
CPH CPH CPH CPH SAMPLE / pCi/g Wig pCi/g pCi/g pCi/g

-------------------------------------- :----------------------------------------------------
135 363 1260 2580 1858 221 SSG-135 627-91 (1.0 9.6 (0.2 (0.2 (0.5
136 783 1340 2840 1984 256 SSG-136 639-91 (1.0 16.9 (0.2 (0.2 (0.5
137 584 1460 2820 2030 250 SSG-137 617-91 (1.0 19.2 (0.2 0.6 (0.4
138 191 1400 3300 2003 269 SSG-138 615-91 (1.9 21.7 (0.2 (0.2 (0.5
139 829 1480 3320 2186 331
140 812 1740 3380 2429 303 SSG-140 631-91 (1.0 13.3 (0.2 (0.3 (0.7
!41 1062 1320 2800 1986 232
42 310 1340 3000 1958 22! 3SG-142 520-91 (1.J 12.2 (1.1 (0.2 (0.6
43 374 1140 2980 192S 245 35G-143 i18-31 (I. 9.6 (0.2 (0.2 (0.4

44 -------------------------------------- ---------------------------------------------------------------
45 --------------------- - ----------------------- ------- -- ------------------------------ -----------

41 -------- -------- _ - ----------------------- ------- -------------------------- -------------
I!17 ----------- -- ------- ------------------------ -------- -------------------------------------------

Y'5G0 'SE!5 .3 -a '1i !. (

14.0

evatal , I tr td to loise :Olies rem :Etac::r :- -
lerifi-s i:- % ed .::m eadinqs.

41 TOTAL 15982
C12 TOTAL 18030
U3 TOTAL ?1089
q4 'QrAL 40128
RS TOTAL 24686
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